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How did it get its name? APC is
short for adenomatous polyposis
coli. The APC gene is mutated in
familial adenomatous polyposis, a
hereditary form of colon cancer.
Carriers of APC mutations
develop thousands of colon
tumours, some of which
inevitably progress to
malignancy. Inactivating
mutations in APC are also found
in the large majority of sporadic
colon cancers. APC is therefore
an important tumour suppressor
in the colon.
Not to be confused with: APC,
the anaphase-promoting
complex, or APC, an antigen-
presenting cell.
Where is it found? APC is highly
conserved in other vertebrates.
Drosophila has two redundant
genes for APCs which are
functionally equivalent to
mammalian APC in many ways.
Caenorhabditis elegans has a
gene for a distantly related APC
protein that functions similarly to
vertebrate and Drosophila APC.
Are there related proteins?
Mammals have an APC-like
protein whose function in normal
cells has not been studied much.
Genetic analysis in mice and
humans shows that this protein
cannot substitute for the function
of the APC tumour suppressor.
Can we live without it? Mice or
flies lacking APC die as embryos.
Homozygous inactivation of APC
in the intestinal epithelium of
mice and humans is thought to
initiate tumorigenesis. There is no
well-documented case of a true
APC null-mutant cell, so APC may
be essential for cell survival.
Who are its most important
associates? APC binds to
soluble β-catenin/Armadillo, a key
effector of the canonical Wnt
signalling pathway. It also binds
to the Axin complex which
phosphorylates β-
catenin/Armadillo to earmark it
for proteasome-mediated
destruction. 
Any other associates? Yes, APC
also binds to members of the EB1
protein family, which associate
with plus ends of microtubules. A
number of other APC-interacting
proteins have been found, but the
functional relevance of these
interactions remains uncertain in
most cases.
What is its main function? APC
is a negative regulator of the
canonical Wnt pathway. In APC
mutant cells, β-catenin/Armadillo
accumulates and translocates to
the nucleus where it binds to the
sequence-specific DNA-binding
proteins of the TCF/LEF family
and thereby activates the
transcription of Wnt target genes.
Precisely how APC antagonises
soluble β-catenin/Armadillo is not
known. It may do so by
facilitating the binding of β-
catenin/Armadillo to the Axin
complex (Figure 1), to promote its
subsequent destruction, and also
by accelerating the nuclear
export of β-catenin/Armadillo. 
What does it work on? The
repression of TCF-mediated
transcription by APC is thought to
be the main basis for its function
in normal development and in
preventing tumorigenesis.
Developmental target genes of
TCF and APC include the Hox
gene Ultrabithorax in Drosophila,
the dorsalising gene siamois in
Xenopus and the mesodermal
gene Brachyury in the mouse. In
the mammalian intestinal
epithelium, TCF stimulates the
expression of crypt-specific
genes in the crypt stem cell
compartment, thus operating a
transcriptional switch between
proliferation versus
differentiation. A key TCF target
gene is c-myc, which prevents
cell-cycle arrest in the crypt via
p21 repression. Loss of APC in
cells above the crypt therefore
seems to cause an expansion of
the crypt compartment. This may
be the key event that initiates
tumour formation.
Any unusual cell biology? APC
is a highly mobile protein and has
multiple destinations in the cell
(Figure 1). It shuttles in and out of
the nucleus: this enables it to
promote nuclear export of β-
catenin/Armadillo, which appears
to be part of its function as a
tumour suppressor. APC also
shuttles to the cell periphery: in
motile cells, it tracks along
microtubules and clusters at
microtubule tips that touch the
cell cortex, whereas in polarised
epithelial cells, APC associates
with adherens junctions in an
actin-dependent way.
Does it have other functions?
APC has additional functions at
the cell periphery that do not
appear to be mediated by nuclear
Figure 1. Subcellular pools of APC.
In epithelial cells (not stimulated by Wnt),
APC moves between four different pools:
from the nucleus and cytoplasm to the
cell periphery where it associates with
adherens junctions at the (apico)lateral
plasma membrane, or with microtubule
tips in the basal cell cortex. Its associa-
tion with the Axin complex occurs in the
cytoplasm, perhaps near the plasma
membrane. APC appears to shuttle β-
catenin between some of these pools.
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Drosophila APC has a role in
maintaining adherens junctions,
and also helps to tether mitotic
spindles to the cortex and to
orient them in the epithelial plane.
In mammalian cells, APC has
been implicated in cell migration.
APC also helps safeguard the
fidelity of chromosome
segregation in mitotic cells. Loss
of APC’s various functions at the
cell periphery may contribute to
tumour progression. The
multitude of these functions
could explain why APC is such a
potent tumour suppressor.
Is there anything we don’t
know? It is unclear whether APC
is a genuinely multi-functional
protein, or whether there is one
basic molecular activity that
underlies all its apparently
disparate functions. 
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Receptive fields
Peter Lennie
Sensory organs are filters: they
use some of the information that
impinges on them, and block the
rest. The most aggressive
filtering occurs very early. The
optical components of the eye
and the photoreceptors of the
retina, for example, together
ensure that the human visual
system normally responds only to
light of wavelengths from 400-
700nm. Equivalent constraints
confine the kinds of signals that
are handled by other sensory
systems. Even though much raw
information is discarded by the
initial transduction stage that
converts visual, auditory or other
sensory signals into activity in
the nervous system, a
tremendous amount is admitted
— far more than the brain can
deal with.
Consider what happens in the
visual system. There are about 6
million cone photoreceptors in
the human eye, each of which
provides a point sample of the
retinal image. But the optic nerve,
through which all signals are
conveyed from the eye to the
brain, contains only 1.25 million
nerve fibers, each of which can
carry less information than a
single cone. This loss of
information in the eye is not
necessarily troublesome: the
retinal image, like most sensory
signals, is redundant, and one
part of the image can to some
extent be predicted from the
structure of nearby parts, but for
adequate prediction the right
information has to be preserved.
The visual system, like other
sensory systems, therefore needs
selective filters designed to
transmit the important structure
in natural signals. Filters are
embodied in individual neurons in
the retina and higher stages of
the visual pathway, and have
characteristic properties that
determine the spatial and
temporal attributes of the signals
they transmit. The natural way to
represent the spatial attributes of
the neuronal filter is through a
map of the region of retina from
which the neuron picks up
signals. This map is called the
neuron’s ‘receptive field’.
Figure 1 shows two
representations of the receptive
field of a mammalian retinal
ganglion cell (the axons of
ganglion cells form the optic
nerve and convey the results of
retinal processing to the brain).
On the left, the receptive field is
represented as a three-
dimensional profile, with
excursions above the plane
denoting regions of retina where
light stimulation excites the cell,
and excursions below the plane
denoting regions where light
inhibits the cell. On the right, the
receptive field is represented as
a plan view overlaid on the
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Figure 1. The receptive field of a mammalian retinal ganglion cell.
(A) Three-dimensional representation of the distribution of sensitivity. The receptive field
is composed of two distinct mechanisms, center and surround, each of which weights
signals from photoreceptors by a two-dimensional Gaussian profile. Signals in center
and surround are of opposite polarity, and are summed by the ganglion cell. The center
is smaller than the surround, but the integrated sensitivities of the mechanisms are
nearly the same, so the cell responds poorly to uniform illumination that covers the
receptive field. (B) Plan view of the receptive field, with shading indicating the weights
with which it draws on signals from underlying cone photoreceptors.
